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ABSTRACT: Construction control data from nineteen California State
Highway contracts was obtained and statistically analyzed to
determine the magnitude and uniformity of the percentage of lime
added to the basement soil. The lime contents were determlned_
using the California titration test. The data from projects
constructed with the most efficient mixing machine were used

to develop recommendations for new specifications for lime content.
These new statistical type specifications have been recommended
for implementation by the California Division of Highways in lieu
of the existing absolute specification requirement for lime
content.

KEY WORDS: construction equipment, efficiency, lime treatment,

mixers, specifications, stabilization, statistical analysis,

tests.
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_BACKGROUND AND INTRODUCTION

Since 1966, California's Specifications (1) for liﬁe'stabili—

zation on state highway projects have not been restrictive on

the type of mixing equipment used. This has resulted in the
widespread use of "rotary" mixers. These rotary mixers have one
Or more transverse shafts that cut and mix in-place material on
the grade. The various manufacturers of these machines. claim

that a consistently uniform mixture of soil~lime oY soil-cement
can be obtained. Self-propelled Pugmill-type mixers have been
used on some lime treatment projects also, but usually the
rotary-type mixers are selected by contractors for reasons .of

- economy and higher production rates.

This research project was initiated in July 1966. The objectives’
were to: 1.) investigate the efficiency of various brands of
spreading and mixing equipment, 2.) determine methods to improve
construction procedures and encourage improved equipment designs,
and 3.) develop necessary data for the preparation of realistic
and enforceable specifications for control of the quality of lime
stabilization by road mixing methods. '

An interim report (2) on this research project was completed in
February, 1970. That report essentially covered the first two
research objectives cited above. It included results of field
tests on two brands of lime spreaders, three brands of rotary-

- type mixers, and two brands of pugmill mixers. Consideration

was given to evaluating additional machinery used on some state

- highway projects. However, it was concluded that design features

of these machines were not significantly different from those

already investigated, and, consequently, the field investigation
was not pursued further. ' '

The interim report contains the following important findings:

l.  The lime spreading equipment studied was not capable

- of consistently spreading lime within California's '
current specification limits. fThose required that "the
rate of lime spread per linear foot of windrow or blanket
shall not vary more than 10 percent from the designated
rate." This requirement was only met in 24 percent of
the check tests on the better spreader. o

2. None of the mixers tested gave a consistently uniform
blend of lime-soil mixture. Specifications require that
"the lime content of Samples taken...shall not have a
variation above or below the lime content (percent by dry
weight) designated by the Engineer of more than one .
“percent...." The best equipment tested showed about 73
Percent passing tests, o :

wwvw fastio.com S - -
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The interim report explained that nonuniformity of the completed
mixture resulted from:

. 1. ' Uneven spreading of the lime and inability of the
., -mixers. to redistribute the 1ime uniformly, particularly
. in the transverse direction.

D Z,J;Failuredof the rotary type mixers in maintaining
... uniform depth. control.
various suggestions were made to improve equipment design and
construction procedures. The interim report also recommended
that more realistic and enforceable specifications be developed.
' In order to develop these specifications, it is necessary to
have factual information as to the distribution of lime on
rgp;esentative projects. From this data, the variance (oxr
. standard deviation) can be selected that represents what can
'”,;be'reasonably.obtained using the best available equipment and
- fechnigques. . ‘ :

The data collected for the interim report were experimental in
- nature. - It was not considered completely representative of
~.actual construction test data, obtained under a wide variety of
. conditions. Additional funds were requested and approved to
compile construction control data from the contract records of
numerous lime projects, analyze the data, and develop new
‘specifications. It is important to emphasize that this supple-
. mentary research was directed toward the development of these
improved=specificatipns rather than toward an analytical study
of. the relative efficiency of various types of mixing and
spreading equipment. The purpose of this final report, then,
is to present the results of this additional work program and
to, recommend new specification 1imits for the lime content.

-

Data were collected with the assistance of personnel in Districts
03 and 10. A total of nineteen state highway projects, all
completed since 1965, were included in the study., The projects
involved a wide variety of construction eguipment and various
soil conditions. The test results for lime content were then
analyzed to develop appropriate 1imits for statistical type
specifications. -

1A partial list of eguipment used is listed in the appendix. In

many cases, the data studied did not provide -the complete model
designation, oY reflect condition of machinery or any modifica-
tions which may have been made. -

i
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.CONCLUSTONS AND' RECOMMENDATIONS ™

1. The best control of lime distribution achieved only about
70 percent conformance with existing speci ications for lime’
content. Poorest distribution of lime resyltdd in about 50 o
percent conformance in those projects studied. ‘ '

2. For existing spreading and mixing equipment, California's
absolute~type specifications (1, 1971) for lime content are
judged to be overly restrictive and impractical if literally
enforced.

3. It is concluded that statistical data obtained in this
research for the more efficient equipment may be used to develop
improved means for design and control of lime treatment. This
should result in: _ g
a. An improved method of establishing the contracted :

lime content. : . .

‘b. A more rational criteria for acceptance or rejec-
tion of material, with realistic and enforceable
limits. : '

c. Greater uniformity in specification intérpfetation
and enforcement.

d. The continued development of improved eguipment
and construction methods.

4. It is recommended that the percentage of lime (X) specified

. in a contract be such that 90% of the project can be expected to

i have a lime content greater than a minimum design percentage(i)
determined on the basis of laboratory testing. Based on the average
variance found for the better equipment studied in this research,
an additonal 1.3 percent of lime is required to insure this
minimum distribution: :

X= x+1.3% -
5. It is recommended that the field control limits be established
. for a control test and running average as follows:
a. A control test for material being considered for
compliance with specifications should be the mean of

four individual tests:?(4)

The minimum percentage should be X - 0.8%.
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“COMPILATION OF para I

L

Construction control data were compiled from ninetéen state
highway Projects that required lime treatment, Located in
Districts 03 ang 10, all of these projects were completed
Since 1945, Six different manufactured brands of road-mixing
machines were used, five of these being'rOtary types and one
a2 pugmill type., These six machines  were Selected as it wag
believed that they represented the range in significant
mechanical di fferences between most models used during this

determined by the titration test (3, Test Method No. Calif.l338).
In cases where'resampling was performed at any test station ’
only the final test results wére used in thig study. These data,
then, essentially represent the accepted lime-distribution on

construction records would provide information on the rate.of‘
Spread of lime. However, sufficient information was not avaiji-
able to permit a study of the independent contributions of thé
lime Spreading. and mixing equipment,tp.the total variance of
indicated_lime content., Cbngeguently,—the results of titration
tests ‘for lime content that were performed on the completed
mixture are indicative of the combined efficiencies of the mixer
and spreader used on each project, ‘

lThe’data were taken in-sets of two or four individual tests At
each test-statiqh. - . ‘
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To explain the information presenteg in tﬁis/table, let us refer

fi “line of data tabulated  for MiXer "A" ag an example :
Sixty»ihdividual.tests were taken from one Project where the .
plannéd‘or-contracted lime content wag 3.50 percent.. The'mean,-

range of test resultsg from the lowest to highest lime content
was 3.90 percent, S T ' R

varying contracted lime contents, In'géneral, the results
indicate that 4 wide variation in uniformity of mixing exists:
withiniand-betwéen-each mixer grouping, Although in many cases

the contracted lime content) .

It should: be realizéd'that,'in Spite of the apparent non-

compliance with specificationsﬁ these data répresent what has
been considereg to be acceptable standards of work."The-so~called

"failing tests" are those which would be normally expected on

with density measurements, the developed arguments are analogous
to lime content tests.)

In only one of the projects included in this study, 100 percent
©f the final tests complied with'existing Specifications for

lime content. This occurred for Mixer "p where 18 Samples were
tested and the planned lime content was 4,59 bercent. However,
this indicated excellent distribution ig believed to pbe not truly
indicative of Mixer "pr efficiency because of:

1. The small number of tests (n = 18),

-www fastio.com
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EQUIPMENT PERFORMANCE

The data presented in Table 2 provide an overall estimate of
equipment;performance. Essentially, this table is a condensed
summary ~of the data presented in Table 1. Weighted average
values of standard deviation for the individual mixers have
beenﬂcalculated to .show the relative overall performance of
each;bnand of mixer. A typical calculation foxr the weighted
average value of the standard deviation O for Mixer "A"

is shown at the bottom of Table 2.

Besteoverall-lime distribution was obtained on projects where
Mixer "A", @& rotary-type nixer, was used. From all of the
individual tests for this mixer, the calculated value of one
standardvdeviation is 1.01 percent 1ime. Table 2 shows that

69 percent of the individual tests were within current specifi-
cation tolerances.f;Seventeen percent of the tests failed the
minimum lime~COntentﬂrequirement,

At the other extreme, poorest lime distribution was indicated
by the data obtained for Mixer "D", another rotary-type machine.
Therweighted‘standard deviation of the titration test results

ewag: 1953+ only 49 percent of the tests metbt existing specifi-

cations -with 27 percent deficient of the minimum permitted.
Mixerf“F“, the oﬁly pugmill—type mixer included in this study.
'was;foundlto_rate.somewhere in efficiency between the best and
worst rotary-type mixer. '

ClibhPDF -
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" TABLE 2

‘COMPARISON OF EQUIPMENT

Overall Equipment Performance Based on Weighted
Average Values for Data Shown in Table 1

Total Weighted Standard % of % of Tests

Number Deviation of ‘ Individual Failing
Mixer of Individual Tests Tests Meeting Minimum
Tests from Average 1971 Lime Content
C T Specifications by 1971
m ' Specifications
A . 348 1.01% | 69 a7
B . 140 1.16 64 11
¢ 54 1.26 - 54 | - 29
D 46 . 1.53 : " 49 o 27
E 163 1.5 55 S 13,
F 138 : 1.15 58 ' 15

* Sample Calculation

From the data shown for Mixer "A" inITgble 1, the weighted
average standard deviation = {

(60 x 0.84) + (120 x 1.25) j+ (168 x 0.90)

e i,

60 + 120 + yssfi = 1.01

www . fastio.com e B


http://www.fastio.com/

ClibPD

EFFECT OF DATA VARIANCE ON DESIGN AND 4PRCIFICATIONS

As has been previously discussed, these so called "failing tests”
are always present when sbsolute~limit type specifications are
employed. A certain percentage of these will occur on fully
acceptdble construction unless limits are set so wide as to
provide, in effect, no control at all. The problem with the
absolute-limit type gpecification is that no standards are
provided for legitimately accommodating those tests which fall
below the given limit. As a result, nonuniformity occurs in
thé interpretation and enforcement of the specification. Con-
sequéntly, the acquired data was further analyzed to provide a
more rationadl basis for field control of lime content.

Another object of the evaluation was to develop an improved
procedure for determining the design or "pay" lime content
itgelf. In the past this has been dohe without consideration
5f the combined variances involved in mixing lime with soil.
However, the design procedure should recoghize that the best
that can be expected is what can be produced with good tech-
niques using the better equipment. Therefore, if we contract
for say 4.0 percent lime, and the best mixing operation has a
standard deviation in order of 1.0 percent, it is to be expected
that approximately 16 percent of the project has a lime content
pelow 3 percent. It is unrealistic to expect a contractor to
provide an excess of lime to reduce this percentage, no matter

what the nominal specification limits are.

It is therefore considered more satisfactory to make an engineer-

ing decision such as, ta+ least 90 percent of the project should

have a lime content above sdnme minimum percentage." Then, the

contract percentage of lime igs determined based on a recognitibn

of the current capabilities of the equipment and methods available.
¥ : \

A -suggested procedure for specifying lime content and field cohtrol

limits follows.

DEVELOPMENT OF DESIGN AND SPECIFICATION CRITERIA
The current trend in California Highway specifications is to use
the averadage or meanh of a small sample of size (n) as a basis for
decision. This practice has been implemented for many test

procedures, such as the Ball Penetration Test (3, Test Method No.
calif. 533). , -

In order .to do this for lime content, it is necessary that the

variance of the small sample means” 0., be known or estimated.

-10-
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Since mogt of the data was acquired in sets Of two or four
individual tests, the set means X were calculated. Then the
standarqd deviations of these set means about the grand mean ¥
were computed for Mixer "A". These are designated in Table 3
as the observed standard deviations of the sample meansg.

Also included in Table 3 is an estimate Of the expected standard
deviation of Sample means. Thig is approximately equal +to: :

I : .
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SettingﬂContracted'Lime'Content

The design Or contracted lime content (X) may be calculated by
the following equation:

X=X+ 2090+

where x' is the minimum desirable lime content as determined by
laboratory tests. The quantity (g9 ig the "Z-score" index,
or the multiple of the standarg deviation of individual test
values Ty, which is e3¥pected to include 90 percent of
normally distributed data :

lSampling with replacement ig assumed for purposes of thisg
estimate.

2A one~-tailed test applies because we Specify only a minimum
contracted lime content,

~11-~
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' TABLE 3

| E¥PECTED AND OBSERVED STANDAZD
,'QEHIAT;QNSHFOR,CQNTRQL TESTS

~MIXER A~
_ i Observed Expected Standard
rlanned Sample . Number standard peviation of
" Lime Size of Sets peviation Sample Means
content of _ *
S : (n) (N) Tndividual Sample ' <10
Tests Means (
= . n}
ah). 0&)
- 3.5 2 28 - .53 .60
: 160 .84 _ - - -
gL 4 L 26 - 1.05 .63
ST R g - - L2 .89
1l 120 1.25 - - - -
4,5 3 17 - - .43 .45
2 49 - - .77 .64
1 _ 168 .90 - - - -

; f‘qm_sobservedﬂstandard deviation of‘individual tests

~12=
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The followmng example 1llustrates the procedure for settlng the
contract lime content. Recalling that the weighted standard de-
viation for Mixture A (Table 2) was 1.0% lime, assume that
laboratory tests indicate the minimum desirable lime content for
a particular soil is 2.7% lime. Then:

X =27 '." 2901 1)
= 27+(|3)(|0}
= 40 %aﬁme

Specification Limits

Equation f3] may be used to set limits for field control tests,
and the moving average. The expected standard deviation of
control test means - 0%, is estimated on the basis of equation

(1]

Then:
- . w \ O
. X B X=teeo (v ‘ _ . [3]

Vim

Here, bY(901{v) is the "Student's " distribution index for
the 90 percent expectation, and .v=(n-() degrees of freedom.
This is analogous to the z-score, except that the comparable

limits are wider due to uncertainties introduced by the small
sample size.

For our example, and using a recommended sample size of n=4
to represent a "lot" of material, the minimum specification
limit for the test result is:

71

%) = X —tiaoy(v=3 S

1.0
- - PR-einaly
= 4.0 - (164 > )

= 4.0 - 0.8

= 3.2 % lime f )

-13-
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'mllarlly, the minimim lime content for the mov1ng average with
a sample_g;ze_qf“gp, {i.e. .five control test results) is:

3 .
ST

SR SR PO R ‘x R x ' X . | azl)
(201 = X ~ tisor(v=19) *_7
Y20

240—(I33'm)

-2&41)—‘a3_..

Z 3.7 % lime

Cloging Remarks: .. .

**Thé‘valueshgibeﬁfb§‘eqﬁationé'[zl'and.[sl.are directly influenced

by the variance in lime distribution as determined by equipment
efficiency and construction techniques. For the nineteen pro-
jects included in this research, the standard deviation Uy,

"of 1.0 percent is indicative of the best lime distribution studied.

However, new types of machinery for spreading and mixing lime

- are being developed rapldly as the volume of lime treatment for

highway construction increases. Consequently, periodic reevalu-

" ation of the combined variances in lime distribution will be
" necessary to adjust specification limits commensurate with the

improvement of constructiqn equipment and techniques.

-14- “
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APPENDIX

EQUIPMENT STUDIED

Desigﬁétfﬁﬁflz' ”&“‘ . Mixer o ' . Spreader

A } ' - nghring fnésﬁaft ‘ Univeisél
Et}L'H; ’ ”‘ ”5 ‘ %;éH£ing - si#gle shaft (annbwn)

C i a " geamon Brown

D _ ‘ Metradon . (unknbwn)

E. _ Rex 7 ' Augexr from fruck

F Pettibone Woodﬂpugmill Truck with screw
' feed into windrow.

-]_6— :
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